We report the characterization of a novel flavone O-methyltransferase cDNA (OsOMT1) from the rice genome database. Its recombinant protein utilizes tricetin as the preferred substrate, catalyzing its stepwise methylation to the monomethyl-(selgin), dimethyl-(tricin), as the major product, and trimethyl ether derivatives. The use of this gene to increase tricin content in grain crops is discussed in relation to its potential health benefits.
Flavonoid compounds are of ubiquitous occurrence in plants. They play important roles in the biological processes of plants and their interactions with the surrounding environment [1] . Enzymatic O-methylation of flavonoids is catalyzed by a family of O-methyltransferases (OMTs) and contributes to their structural and functional diversity [2] . Several flavonoid OMTs have been cloned and characterized [3] . Our recent interest in O-methyltransferases of grain plants [4] prompted us to search the rice (Oryza sativa L.) DNA database for novel flavonoid OMTs in order to expand the repertoire of these enzymes.
We used the published sequence of TaOMT2 [4] to search the Rice Genomic Program (http: //rgp.dna.affrc.go.jp). One full-length rice cDNA clone (J013000A05, OsOMT1) exhibited the highest score for wheat TaOMT2 gene and contained all the plant OMT signatures [5] . The full-length OsOMT1 cDNA encodes a 369 amino-acid polypeptide, with a calculated molecular mass of 39.7 kDa and an isoelectric point of 5.41. It exhibits 85% similarity and 79% identity to TaOMT2. The OsOMT1 protein harboring a His-tag at its N-terminal was expressed in E. coli BL21 (DE3) cells, and the recombinant protein purified to near homogeneity by Ni-NTA affinity chromatography [4] , as verified by SDS-PAGE ( Figure 1 ). Its apparent molecular mass corresponds to the combined M r of the protein subunit (39.7 kDa) and the His-tag (3.0 kDa). 
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OsOMT1 exhibits preference for the flavones, tricetin (5,7,3',4',5'-pentahydroxyflavone, relative activity, 100%) and luteolin (92%) as methyl acceptors, and lower relative activities with quercetin (68%), eriodictyol (52%) and 5-hydroxyferulic acid (24%), but none with myricetin, quercetagetin and gossypetin, indicating its specificity for the B-ring of dihydroxy-and trihydroxyflavones. Comparison of the kinetic parameters of OsOMT1 for the two best substrates (Table 1) shows that tricetin is the preferred substrate as indicated by its high affinity for, and catalytic efficiency with, this compound.
The enzyme reaction products obtained with tricetin as the substrate were characterized by TLC with authentic samples, by autoradiography (Figure 2 , top), retention times on HPLC (Figure 2 , middle), and their uv spectra, as the monomethyl-(selgin), dimethyl-(tricin) and trimethyl derivatives, with tricin being the major product (Figure 2 , top). Enzymatic methylation of tricetin is linear with time for up to 60 min and 0.2 µg of the affinity-purified protein. The enzymatic activity of OsOMT1 is quite stable for up to 2 months, when stored at 4°C in the assay buffer containing 10% glycerol, with a half-life of ca. 10 weeks. The fact that tricin appears to be the major product of tricetin sequential methylation (Figure 2 , top, middle) is in agreement with its accumulation in rice leaves (Figure 2, bottom) , and suggests the physiological role of OsOMT1 in the biosynthesis of this important metabolite.
Using the OsOMT1 amino acid sequence to BLAST the GenBank, revealed the existence of another rice cDNA, ROMT9 (Accession number ABB90678) that exhibited 100% identity to OsOMT1. This clone was recently identified as a flavonoid 3'-OMT that preferentially utilizes quercetin among other substrates [6] . Our results call for reassessment of the substrate preference of ROMT9, in view of the fact that both OsOMT1 and ROMT9 appear as orthologs on a phylogenetic tree drawn from a number of identified flavonoid OMTs (data not shown). Other cDNA clones that exhibited 80-87% similarity and 81-90% identity to the rice clone include those from wheat (Triticum aestivum, Accession #AAP23942), maize (Zea mays, Accession #AAQ24347), barley (Hordeum vulgare; BarleyBase #02532), Festuca arundinacea (Accession #AAK68909) and Lolium perenne (Accession #AAD10253), indicating that this gene may be widespread in monocotyledonous species. The growing interest in flavonoid dietary effects on human health render them an attractive target for genetic engineering strategies aimed at producing plants with enhanced nutritional/pharmacological values [7] [8] [9] [10] . One of these promising targets is the flavone, tricin, which is of common occurrence in cereal brans [11] , and has been the subject of a wide range of pharmacological studies as to its putative antioxidant [12, 13] , anticancer [14, 15] , antileukemic [16] , anti-inflammatory [17, 18] and immunomodulatory [19] activity, to mention only a few reports.
Considering the potential health benefits of tricin and its accumulation in rice, wheat and barley, we intend to overexpress OsOMT1 in grain crops under a promoter that directs its expression in the endosperm. We are working towards this goal.
Experimental
Chemicals: Most flavonoid compounds used were from our laboratory collection, except tricetin, which was obtained from Indofine Chemicals (Hillsborough, NJ). The methylated derivatives of tricetin were synthesized using standard methods, and their identity was verified by 1 H-NMR, m.p. and UV spectra. S-Adenosyl-L-[ 14 C] methionine (AdoMet) and S-Adenosyl-L-[ 3 H] methionine were from American Radiolabeled Chemicals (St. Louis, MO). All other chemicals were of analytical grade, unless otherwise specified.
Expression and purification of OsOMT1:
After sequence confirmation, the ORF of rice OsOMT1 cDNA was amplified and subcloned into the expression vector pET200/D-TOPO (EMD, Darmstadt, Germany) for in vitro protein expression. The primers used for PCR were OsOMT1F: 5'-CACCATGGGTTCTACAGCCGCC-3'; OsOMT1B: 5'-CTACTTTGTGAACTCGATGGCCC-3'. PCR was performed on PTC DNA 200 Thermal Cycler (GMI, Ramsey, MI): 94°C (2 min), followed by 35 cycles at 94°C (30 sec), 52°C (30 sec), 68°C (1 min), and a further extension at 68°C (8 min) using AccumPfx DNA polymerase (Invitrogen, Carlsbad, CA). The PCR product was recovered with DNA Gel Extraction Kit (Qiagen, Mississauga, ON), and cloned into the expression vector. The recombinant protein expression and purification were conducted as previously described [4] .
OsOMT1 cDNA sequence has been deposited in GenBank with Accession # DQ530257.
Biochemical procedures:
OMT assays were performed as previously described [4] , and the reaction products were co-chromatographed with reference compounds on TLC plates. HPLC analysis was carried out with a Millennium HPLC System (Waters, Milford, MA) using a Waters YMC-Pack Pro C18 column with a linear gradient consisting of 40-90% MeOH containing 1% acetic acid. For kinetic analyses, Lineweaver-Burk plots were applied for the determination of K m and V max values. For flavonoid analysis, 4-week-old rice leaf tissue was homogenized, twice with 100% and 80% aqueous MeOH at room temperature. The combined alcohol extracts were evaporated to an aqueous residue, then hydrolyzed with 2M HCl. The acid hydrolyzate was extracted with ethyl acetate. The organic phase was evaporated and the residue dissolved in MeOH for HPLC analysis.
